The collection or acquisition of dynamic data from elements that are rotating ͑e.g., gearing system, axle, engine propeller, and machine tool spindle͒ is a significant challenge in many engineering applications. Both contacting and remote telemetry-based methods have been employed to provide a data bridge between the rotating and stationary reference frames, however these methods suffer from several difficulties. A new method for the transmission of signals from the transducers on a rotating element is presented. Infrared light emitting diodes ͑LEDs͒ are placed on the circumference of the shaft or the end of it. Externally mounted photodiodes receive a frequency modulated light from the LEDs. Signal multiplexing enables multiple-channel signal transmission to be realized. The properties of the instrument are as follows: dynamic maximum frequency of 50 kHz, static sine distortion degree less than 1%, dynamic channel isolation of Ϫ40 dB, dynamic linear error less than 1%, and static/dynamic gains of 50-200. The proposed method has been validated through experiments performed on a prototype optical signal transmission system. Experimental results show excellent agreement with theoretical calculations.
I. INTRODUCTION
Research and development testing of rotating machinery has always been limited in the number of measurements because slip ring assemblies have a limited number of conductors available for signals to pass from rotating to nonrotating sections. 1 Such testing has been impeded because relatively long wires are needed to pass low level analog signals. Because of the line resistance and capacitance and their susceptibility to stray fields, much effort is dedicated to the investigation of line loss and protection from electromagnetic interference ͑EMI͒.
Indirect and simulated methods are now being widely used and studied by scholars as one of the main measuring methods for gathering the dynamic data of high-speed rotors. Because of the difficulty of the test signals, the performance of the testing system will fall when the rotating speed increases. According to some reports, [2] [3] [4] the main measuring methods of dynamic data of various kinds of high speed rotors [5] [6] [7] [8] [9] such as gears, 10, 11 engine propellers, turboshaft, [12] [13] [14] axles, 15 etc., are laser holographic interferometer, laser speckle method, and the phase-interval method advanced by previous U.S.S.R. scholars. 4 All of these methods are indirect and some transformation ͑or mathematical calculation͒ into the measuring system is needed, but this reduces the system resolution. Therefore as a basic method for data collection the collecting ring method is still one of the most efficient and simplest. The collecting ring is divided into two types: contact and contactless. The contact ring, such as the brush collector and the mercurial-transition collector, is not suitable for the measurement of high-speed systems. While the contactless, such as the electromagnetic collector and the wireless-telegraphic collector, can be used to measure high speed systems, it has very poor antiinterference ability in transition, especially in an environment with spark discharge and high background noise. This makes the tested signal seriously distorted and reduces the signal transmitting precision greatly.
Based on the development of the single-channel infrared collect ring ͑ICR͒ 16 and the needs of practical applications, a multichannel data transmission system ͑MCDAS͒ for the high-speed rotor element is proposed. This instrument is contactless and it uses modulated infrared rays as its datatransmitting mediator to collect and measure the dynamic data of the rotor element directly. When compared with the traditional data collecting methods, both the anti-interference ability and the stability of this instrument are much higher than the existing methods. It can eliminate the EMI in the transmission channels and moreover, its performance will not be affected by the variation of the rotating speed of the tested object. Because the infrared rays can be transmitted and easily collected by infrared photocell, MCDAS costs are low and both its installation and application are very convenient. The ICR has proven to be effective for solving the a͒ Author to whom correspondence should be addressed; on sabbatical leave from Dept. of Mechanical Engineering, Shandong University; electronic mail: jili@mtu.edu FIG. 1. Working principle of the infrared collecting ring.
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II. MEASUREMENT THEORY AND APPLICATION
The collecting ring can be used to measure such parameters as the vibrating acceleration of the engine impeller, the deformation or the temperature rise of the locomotive shaft, etc. As an example, Fig. 1 shows how the ICR data collecting system is applied to measure the gear dynamic errors. The test parameter is the gear vibrating acceleration.
In Fig. 1 , G is the tested gears, D is an acceleration sensor mounted on one end face of G, and its output signal can reflect the gear vibrating situation. The tangential and radial vibrating properties of the gear can be obtained by changing the sensitive direction of the accelerometer.
The MCDAS is mounted on the end of the shaft to which the tested gear is fixed, and rotates with the shaft. The light emitting diodes are mounted on the center of the shaft butt and face outside. Although the emitted infrared rays rotate with the shaft, as their rotating radius is almost zero, they can be taken as relatively motionless in the position of the receiving unit, i.e., the external infrared photo diodes ͑PDs͒. The PDs are located on the same axis as the emitting tube; therefore, the receiving function will not be affected. The receiving part is composed of a stationary unit and the PDs are mounted on an adjusted arm, thus the receiving area of the tube can be adjusted in alignment with the axis of the tested gear aimed at the emitting tube by adjusting the arm. Because the LEDs have a very large emitting angle and a definite emitting area, the receiving tube can receive satisfying infrared signal with only a simple adjustment.
The MCDAS first transforms the vibrating signals collected by the acceleration sensor into standard signals, then transforms them into infrared diodes, and finally emits them. In the receiving unit, the received infrared square-wave signals are first transformed into analog signals, and after being demodulated and filtered, received by a recorder, or stored in a computer. Therefore, the collecting procedure, collecting and measuring the signal data of the rotating parts directly with the stationary unit, can be accomplished. If the shaft end is sealed and other units cannot be mounted conveniently, the MCDAS can also be mounted on the circumference of the shaft. 16 According to the projecting principle, several synchronize LEDs of the MCDAS are uniformly distributed on the circumferential surface of the same shaft, or the receiving tube is on the circumference surrounding the MCDAS. Provided the emitting angle of the tube is large enough and the receiving tube is located outside of the inserting circle, the circle takes the shaft axis as its center and its radius is the distance from this center to the intersected point A formed by the rays emitted from two adjacent tubes. The receiving unit will receive the infrared signal emitting from the MCDAS at any time. The data-collecting function of the system is achieved.
III. THE WORKING PRINCIPLE AND THE SYSTEM ARRANGEMENT
The circuit design of the single-channel infrared collecting ring is described in Ref. 16 . Two parts form the MCDAS data acquisition system: the emitting circuit and the receiving circuit. The signals from the tested object can be input and output in single or multiple channels. For rotor collect ring for dynamic data ͑RCD͒ 16 having only one infraredemitting channel on the outside, multiple signals should first be time shared and then be frequency modulated before their measurement and transmission. Figure 2 is the framework of the emitting circuit of the MCDAS. In the emitting circuit, the accelerating sensor collects and transfers n signals to the impedance-converting circuit in order to change them into voltage ͑or current͒ signals with enough amplitude and power. In this case, the input impedance of the circuit must match the sensor well to ensure minimal signal distortion. After being transformed, the signal of every channel is collected according to time sequence and combined into one pathway signal, which is emitted out after add modulation with the synchronization signal ͑m-series code͒. Figure 3 is the convert switch circuit from parallel to in series. Tested signals and synchro signals are added to the inputs of the AND-OR-NOT gates A1 -A4, respectively. The other inputs of these four AND-OR-NOT gates are controlled by a circular switch. When the ''1'' status of the circular switch circulates in turn, signals are output to the OR gate 6, respectively, and emitted out after demodulation. Figure 4 is the logic framework of the m-series code. m-series codes have evident relativity and can be generated by a linear shift register. In order to raise the synchronization and the anti-interference, 63 bit m-series codes are used as synchro pulses.
A. The time-shearing multichannel emitting principle

B. The receiving principle of the MCDAS
At the receiving end, after being amplified, shaped, and demodulated, signals form series integrated codes. The inphase pulse separated from the integrated code controls the time-sharing switch, which converts the in-series signals into parallel signals, therefore the tested parameters are reverted. Figure 5 is the framework of the receiving unit of the MCDAS. The clock pulses of the m-series codes of the emitting unit are generated by a crystal oscillator with a frequency of f 0 . The synchro system of the receiving unit also has a crystal oscillator the same as that of the emitting unit; its frequency is f. In order to minimize the phase difference between these two frequencies, a phase-locked loop is employed.
The circuit of the integrated codes is the receiving circuit of the single channel. 16 The m-series emitting codes remain exactly in phase with the m-series receiving codes through code track combining with search collect.
IV. PERFORMANCE TEST AND EXAMPLE OF APPLICATION
A. Performance test and analysis
The characteristic of the MCDAS is tested using an exciter mini-shaker type ͑Brüel & Kjaer͒, standard acceleration transducer and oscilloscope. The transducer collects the different frequency sine signals produced by the exciter and feeds them into the input terminal of the MCDAS. The output signals of the MCDAS are measured and recorded by the oscilloscope. The performance of the MCDAS is shown in Table I . Table I shows that the transmitting performance of the MCDAS system is not affected by the signal frequency. The amplitude-frequency characteristics, the linear error, and the channel-isolation ability can satisfy the testing requirement of different speed rotors. Figure 6 shows the experimental arrangement for the property of the gear dynamic errors. In the experiment, the main shaft was directly connected with the motor whose rotating speed was controlled by a frequency converter, and the loader was a magnetic-particle clutch that was mounted on the driven shaft through a decelerator. The MCDAS emitting and receiving parts should be adjusted according to Fig. 1. 9 V folded batteries are used as the main power supply of the emitting part. If the system is used for long-term monitoring, the power should be supplied continuously from outside by the slip-ring method. The parameters of gears used in the experiment are as follows: gear tooth number: Z 1 ϭZ 2 ϭ58; module ͑mm͒: mϭ3; manufacturing accuracy: 5; rotating speed; 1400 rpm; torque: 150 N m; and sampling frequency: 10 kHz. Figure 7 shows the wave forms of the gear vibration and noise signal received from the actual measurement by MCDAS and their frequency-spectrum analyzing curves.
B. Example of application
It can be seen from Fig. 7 that the tested gear vibration is periodical, which takes the tooth frequency as its base frequency. The vibration energy mainly concentrates on the tooth-frequency part or on the low frequency part, and its maximum appears near the area of tooth frequency and it drastically decreases at the higher frequency area. Figure 7 does not show any difference when compared with the calculation curve. 17 The system rigidity will have a direct effect on the output performance of the whole system. For example, when the fixed frequency of the system is close to the tooth frequency, the gear vibration energy will increase sharply; this phenomenon can be explained as resonant. Pay close attention to the shaft-swinging phenomenon, which can also be seen in Fig. 7 . If some process and analysis changes are made to the output signal of the MCDAS by a computer, other parameters of the system can also be obtained, such as the deformation of gear tooth and the meshing process of gears, on which the tooth modification can be based.
